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Abstract: Three genes encoding chitinase A (chiA), B (chiB), and C (chiC) were amplified from a bacterium that was isolated from a
naturally dead Helicoverpa armigera larva and identified as Serratia marcescens based on 16S rRNA gene sequence analysis (KF823633
accession number). The open reading frames (ORFs) were identified as 1692, 1500, and 1443 base pairs for chiA, chiB, and chiC genes,
respectively. These sequences were submitted to the GenBank with accession numbers KF823630 (chiA), KF823631 (chiB), and KF823632
(chiC). Comparison of the deduced amino acid sequences with those of other bacterial chitinases revealed that the 3 chitinases contain
the catalytic domain. Furthermore, all 3 chitinases showed 99% similarity to the S. marcescens WW4 strain at the amino acid level. The
chitinases were overexpressed in Escherichia coli. Expressed proteins were purified and their activities were tested using colloidal chitin
as substrate. Reasonable pH and temperature ranges were also determined as 7–11 and 33–37 °C, respectively. Insecticidal activities of
these proteins were tested on the larvae of Malacosoma neustria and H. armigera. Test results showed that 1000 U/mL ChiA, ChiB, and
ChiC have 47%, 50%, and 66% insecticidal activities on M. neustria, and 80%, 45%, and 50% insecticidal activities on H. armigera larvae
within 10 days, respectively.
Key words: Serratia marcescens, chiA, chiB, chiC, insecticidal activity

1. Introduction
Chitin, a linear polymer of β-1,4-linked N-acetyl-Dglucosamine (GlcNAc), is one of the most abundant
biopolymers in nature. It is the main component of the
exoskeleton of many invertebrates such as crustaceans,
insects, and spiders and a structural component of the cell
walls of most fungi and algae. In insects it functions as
scaffold material, supporting the cuticles of the epidermis
and trachea as well as the peritrophic membrane (PM)
lining the gut epithelium (Merzendorfer and Zimoch,
2003; Ruiz-Sanchez et al., 2005; Kuzu, 2008).
Chitinases are glycosyl hydrolases that catalyze the
hydrolytic degradation of chitin. Chitin, which is found
in the structure of cuticles and peritrophic membranes,
is degraded by the chitinase enzymes. The degradation
decreases the feeding and defenses of the insect and
weakens it. Therefore, chitinases are important enzymes
that have potential for being used as biological control
agents against harmful insects (Cohen, 1987; Debaditya
et al., 2007; Kuzu, 2008). Chitinases have been detected
in a great variety of organisms, including those that
contain chitin, such as insects, crustaceans, yeasts, and
* Correspondence: remziye@ktu.edu.tr
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fungi, and also organisms that do not contain chitin,
such as bacteria, higher plants, and vertebrates. Several
genera of bacteria, including Serratia (Watanabe et al.,
1997; Suzuki et al., 2002), Enterobacter (Chernin et al.,
1995), and Aeromonas (Weisburg et al., 1991; Wu et al.,
2001; Synstad et al., 2008; Gökçe et al., 2010) produce
high levels of chitinolytic enzymes (Nawani and
Kapadnis, 2001). Others, such as Bacillus thuringiensis,
produce chitinases in small amounts although they can
be genetically manipulated to improve their chitinase
production (Bhushan and Hoondal, 1998; BarbozaCorona et al., 1999; Lauzon et al., 2003). The gramnegative, facultative anaerobe bacterium Serratia
marcescens is one of the most efficient chitin-degraders
and different types of chitinase genes have been reported
from several strains of this species, such as ChiA,
ChiB, and ChiC1 (Suzuki et al., 2002). Additionally, a
proteolytic derivative of ChiC1 (ChiC2), a chitobiase,
and a putative chitin binding protein (CBP21) have been
reported (Suzuki et al., 2002).
In recent years the cloning and expression of the
chitinase gene and the construction of recombinant strains
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with new capabilities have been interesting areas of chitinase
studies and applications. Chitinase genes have been cloned
and characterized from many microorganisms, including
S. marcescens (Downin et al., 2000), Alteromonas (Regev et
al., 1996), Enterobacter agglomerons (Thamthiankul et al.,
2001), Streptomyces olivaceoviridis (Blaak and Schrempf,
1995; Rojas-Avelizapa et al., 1999), Streptomyces lividans
(Suzuki et al., 2002), Aeromonas caviae (Watanabe et
al., 1997), and Bacillus circulans (Ueda and Arai, 1992;
Watanabe et al., 1992; Alam et al., 1996; Thamthiankul et
al., 2001; Wu et al., 2001). Some of these were transformed
into plant and bacterial strains to increase their ability to
control fungal phytopathogens (Jones et al., 1986; Powell
et al., 1993; Chernin et al., 1995; Andersen, 2002). Others
were highly expressed in Escherichia coli cells to enhance
the activity of B. thuringiensis to control pests. Chitinases
have also been used in suppressing fungal phytopathogens
such as Rhizoctonia solani (Chernin et al., 1995; Okay et
al., 2008). Moreover, chitinases may be used in several
biotechnological processes, such as the efficient use of
shrimp waste (Rojas-Avelizapa et al., 1999).
The cotton bollworm (Helicoverpa armigera),
commonly known as ‘Heliothis’, is one of the most serious
pests on various crops, including cotton, tomatoes,
sunflower, beans, maize, and several cucurbitous and
citrous crops. It is a multivoltine species with 3 to 4
generations requiring multiple control interventions per
year (Sun et al., 2004). In southern Turkey it is the major
pest affecting cotton. Another important agricultural pest
is Malacosoma neustria (Lepidoptera; Lasiocampidae).
Chemical pesticides utilized to control these pests have
hazardous effects on the environment. Recent concern
about the hazardous effects of chemical pesticides in
the environment made scientists consider finding more
effective and safer control agents. Biopesticides and
predators have a positive impact on bollworm population
management (Ge and Ding 1996). Although effective
systems are not yet operative against Helicoverpa sp.,
B. thuringiensis cry genes (Katı et al., 2007; Sevim et al.,
2012) and nuclear polyhedrosis virus (Kozlav et al., 1994;
Jankevica et al., 1997; Demir et al., 2013) have been utilized
for M. neustria.
In the current study we generated high level chitinase
production from S. marcescens isolated from H. armigera.
Using E. coli expression, products were tested to hydrolyze
colloidal chitin, and the optimum pH and temperatures
were determined. Additionally, the insecticidal activities of
the enzymes were investigated on the larvae of M. neustria
and H. armigera.

2. Materials and methods
2.1. Cells and plasmids
pGEMT-Easy and pET-28a+ vectors were used for the
cloning and expression studies of the chiA, B, and C genes,
respectively. All genetic constructs were amplified in E.
coli DH10β (Gibco BRL, USA) during the cloning stage
and in E. coli BL-21 (DE3) during the expression stage.
2.2. Isolation and identification of bacteria
We found a dead and completely reddish H. armigera larva
among insects in a population during culturing in the
laboratory. After streak plating processes, a bacterium with
red colony morphology was isolated from this dead larva
and it was named Ha-Pink. Its genomic DNA was isolated
from purified culture of bacterium by standard phenol/
chloroform procedure (Sambrook et al., 1989). PCR
amplification of the partial 16S rRNA gene of the bacterial
isolate was performed with the following universal primers:
UNI16S-L: 5’-ATTCTAGAGTTTGATCATGGCTCA-3’
as
forward
and
UNI16S-R;
5’-ATGGTACCGTGTGACGGGCGGTGTGTA-3’
as
reverse (Weisburg et al., 1991). PCR conditions were
adjusted according to Weisburg et al. (1991). The amplified
16S rRNA gene product was cloned into pGEM-T Easy
cloning vector. Sequence analysis was performed by
Macrogen Inc. (Amsterdam, the Netherlands). The
obtained sequence (approximately 1400 bp) was registered
with GenBank. Furthermore, it was used to perform
BLAST (Basic Local Alignment Search Tool) searches
using the National Centre for Biotechnology Information
(NCBI) GenBank database (Altschul et al., 1990).
2.3. Chitinolytic ability test
Chitinolytic ability of the Ha-Pink isolate was tested by
M9-chitin agar diffusion (M9-CAD) (Bahar et al., 2012).
The isolate was cultured overnight in Luria Bertani broth
(LB) medium and was centrifuged at 2300 × g for 5 min
to pellet the cells. The pellet was washed twice to remove
any nutrient substances from the LB medium and was
resuspended in sterilized phosphate-buffered saline (PBS).
The cell density was adjusted to 1 at OD(600). M9, known
as minimal medium, was also made up according to the
protocol described by Sambrook et al. (1989), and colloidal
chitin (Sigma, C7170 USA) was prepared as described
by Hsu and Lockwood (1975). M9 Chitin Broth (M9CB) medium that included 0.5% (v/v) of colloidal chitin
was inoculated with 10% (v/v) of the PBS suspension
of bacterial isolate and incubated at 30 °C for 18 h. The
culture was centrifuged at 1000 × g for 10 min following
incubation. The bacterial pellet was resuspended at 1.89
at OD(600) in sterilized PBS (Moar, 1995) and 5 μL of this
suspension was used to saturate the paper disk. This disk
was inoculated into an M9-chitin agar (M9-CA) plate and
incubated at 30 °C. The chitin-free halo, which occurred
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by diffusion of secreted chitinases around the paper disk,
was measured 1 week after incubation and showed the
ability of the strain’s chitinase production.
2.4. Cloning and nucleotide sequencing of chiA, chiB,
and chiC genes
The genomic DNA from the Ha-Pink isolate was used as a
template to amplify the chiA, chiB, and chiC genes. Primers
were designed according to the initial and terminal
conserved regions of several reported chiA, chiB, and
chiC genes from S. marcescens strains (Table). PCR was
performed to amplify the whole open reading sequences
of the 3 genes in 50 µL of reaction volume with 50 ng of
genomic DNA, 1.5 µL of 1 mM forward and reverse primers,
3 µL of 2.5 mM MgCl2, 1 µL of 10 mM dNTP mix, and 2.5
units of GoTaq DNA polymerase (Promega). The program
was as follows: 94 °C for 3 min, 10 cycles of 94 °C for 1 min,
48 °C for 30 s, 72 °C for 1 min, 25 cycles of 94 °C for 1 min,
50 °C for 30 s, 72 °C for 1 min, and a final extension at 72
°C for 7 min. The PCR products were ligated to pGEM-T
easy vector (Promega) and transformed to E. coli DH10β
strains. Recombinant vectors containing chiA, chiB, and
chiC genes of S. marcescens were selected on ampicillin/
X-gal plates. Recombinant plasmids were purified using
Wizard Plus SV Minipreps DNA Purification System
(Promega) and sequenced by Macrogen Inc. (Amsterdam,
the Netherlands). Nucleotide sequence was translated to
amino acids by Expasy Proteomics Server (http://www.
expasy.ch/tools/dna.html). Sequence alignments and the
conserved domains were searched by using the online
BLAST search engine at the NCBI (http://www.ncbi.nlm.
nih.gov/BLAST/). Signal peptide of the chiA gene product
was determined by using the Signal P program (http://
www.cbs.dtu.dk/services/SignalP/). Chitinase sequences
were registered with GenBank and the accession numbers
were obtained.

2.5. Expression of chitinase genes in E. coli
chiA, chiB, and chiC genes in recombinant pGEMT-Easy
vectors were excised from these plasmids with suitable
restriction enzymes at the ends of primers (Table) and
ligated to the pET-28a+ vector. These constructs were
transformed to the E. coli BL-21 (DE3) competent cells to
construct recombinant plasmids pET-chiA, pET-chiB, and
pET-chiC. They were spread onto LB agar plates containing
kanamycin (50 µg/mL) and the plates were incubated at
37 °C for 16 h. A single colony for each gene was used to
inoculate 5 mL of LB broth containing kanamycin (50 µg/
mL) followed by incubation at 37 °C in a shaking incubator.
Two milliliters of overnight culture were used to inoculate
500 mL of LB broth containing kanamycin (50 µg/mL) in
a 500-mL culture flask and the culture was grown at 37 °C.
Expression of the genes was induced by 1 mM isopropyl
β-D-1-thiogalactoside (IPTG) when the OD(600) reached
0.6. For ChiB and ChiC proteins, after growth for 120 min
at 37 °C the cells were harvested by centrifugation at 5000 ×
g for 5 min at 4 °C. The expressed proteins containing Histag were purified by using MagneHis Protein Purification
System (Promega, Madison, WI, USA) according to the
instructions in the manual. For ChiA, the culture was
further shaken for 16 h after induction and the expressed
protein was purified from concentrated supernatant using
the MagneHis Protein Purification System (Promega,
Madison, WI, USA). Protein concentrations were
determined by Bradford’s method (1976). The purified
proteins were separated by 10% sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PAGE).
2.6. Enzyme activity assay
Chitinase activities of the expressed proteins were
assayed by using the colorimetric 3,5-dinitrosalicylic acid
(DNS) method (Monreal and Reese, 1969) with some
modifications. The purified enzymes (0.502 µg) (ChiA,
ChiB, and ChiC) were reacted with 150 μL of colloidal
chitin (12.5 mg/mL chitin) as a substrate and incubated

Table. Oligonucleotides used for amplifying the chitinase genes.
Primer

Sequence (5’—3’)

chiA Fw

GGCATATGCGCAAATTTAATAAACCGYTG

chiA Rv

CCGGATCCTCAYTAWKGHRYRCCGRCGCTRTTGCCC

chiB Fw

GGCATATGTCCRMACGYAAAGCSGTTATTGG

chiB Rv

CCAAGCTTTCATTAYGCYASRCGGCCCACYTTCAGCC

chiC Fw

GGCATATGAGCACAAATAACAYTATTAATGC

chiC Rv

CCGGATCCTCATTAGGCGATGAGCTGCCACAGGGTG

Restriction sites were added to the primers to assist cloning. NdeI, printed in bold,
BamHI, bold and underlined, HindIII, italic.
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at 30 °C for 3 h. Following incubation, the reactions were
treated with 300 μL of DNS acid reagent for 5 min in
vigorously boiling water to estimate the concentration of
the reducing sugars according to the specific activities of
chitinases. In the control reaction only substrate and DNS
were used. The mixture was boiled for 15 min, chilled, and
centrifuged to remove insoluble chitin. Activities were
monitored with brown color and the reaction absorbances
were measured at 540 nm and were run with a glucose
standard. One unit of the chitinase activity was defined
as the amount of enzyme that liberates 1 µM of reducing
sugar per 1 min at 30 °C (pH 5.5 or 9.5). A Spectra Max
M2 microplate reader with 96-well standard flat bottom
plates was used for all these measurements.
2.7. Optimal pH and temperature
The effect of pH on the chitinase activities was determined
in a reaction mixture containing 1% colloidal chitin as a
substrate and 25 mM purified enzymes (0.502 µg) with
the following buffers (50 mM) at the indicated pH values:
acetate buffer (pH 4.0–6.0), phosphate buffer (pH 6.0–
8.0), Tris-HCl buffer (pH 7.5–9.0), and glycine buffer (pH
9.0–12.0). The mixture was incubated at 37 °C for 1 h and
then boiled for 5 min to stop the reaction (Ruiz-Sanchez
et al., 2005). After cooling, the mixture was centrifuged
and the amount of reducing sugar in the supernatants
was determined using the modified DNS method.
Maximum activity was expressed as 100% and the others
were compared to maximum activity. The optimum pH
values obtained were used for determining the optimum
temperatures. To determine the optimal temperatures
for the chitinase activity, enzymatic reactions at various
temperatures between 15 and 60 °C were performed using
colloidal chitin, 0.502 µg of enzyme, and 50 mM Tris-HCl
buffer (pH 8.0) for ChiA, glycine buffer (pH 9.0) for ChiB,
and Tris-HCl buffer (pH 8.5) for ChiC (Ruiz-Sanchez et
al., 2005).
2.8. Insecticidal activities
Insecticidal activities of chitinase proteins were tested on
the 3rd instar larvae of M. neustria and H. armigera (Sun
et al., 2004). Chitinase enzyme solutions having 1000 U/
mL chitinase activity were prepared from His-taq purified
enzymes (Binod et al., 2007). Disks of 5 mm dimensions
were made from small leaves and were dipped in enzyme
preparation for 1 min. The disks were air dried before
being fed to the larvae. The larvae were starved for 8 h
and then fed with enzyme solutions-coated leaves. Each
experimental group consisted of 10 larvae. Experiments
were done in triplicate, and mortalities were recorded every
day for 10 days (Ding et al., 2008). The control groups were
fed with the same diet soaked in elution buffer.

3. Results
3.1. Isolation and identification of bacteria from H.
armigera
According to morphological and molecular identifications,
the Ha-Pink isolate was identified as S. marcescens. The 16S
rRNA gene sequence of the new strain showed 99% identity
with the sequence of S. marcescens isolate WW4 (GenBank
accession no. CP003959) (Supplementary Figure 1 on
journal’s website). The obtained gram-negative staining
result and completely red colony color also supported the
molecular identification (Claus et al., 1972). Furthermore,
the Ha-Pink isolate generated a very large zone (12.4 mm)
on chitin-containing M9 medium (Figure 1).
3.2. Molecular cloning and sequence analysis of the chiA,
chiB, and chiC genes
The whole chiA, chiB, and chiC genes were amplified from
the Ha-Pink isolate by PCR. Amplified genes were cloned
and sequenced. Sequence results showed that chiA, chiB,
and chiC genes contain 1692 bp, 1500 bp, and 1443 bp coding
regions, respectively. chiA was coding for a polypeptide of
563 amino acids (including the initiator methionine) with
signal peptide at N-terminal (Sirichotpakorn et al., 2001).
The first 23 amino acids of the gene product belong to signal
peptide. chiB and chiC genes were coding for polypeptides
of 499 and 480 amino acids (including the initiator
methionine), with calculated molecular masses of 55 kDa
and 51 kDa, respectively. The nucleotide sequences of
chiA, chiB, and chiC shared 99%, 98%, and 99% similarities
with the S. marcescens WW4 strain, respectively. At amino
acid level, all of them showed 99% similarity with the S.
marcescens WW4 strain, which has a completely sequenced
genome in GenBank (Supplementary Figures 2–4 on
journal’s website). Searching the conserved domains in
protein structures showed us that all 3 chitinase proteins

Figure 1. M9-chitin agar diffusion (M9-CAD) result of Ha-Pink
isolate.
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contain the catalytic domain. In addition, ChiA had an early
set domain associated with the catalytic domain of sugar
utilizing enzymes, ChiB had a chitin binding domain, and
ChiC had a chitin binding domain, a fibronectin type 3
domain, and a domain of unknown function (Supplementary
Figure 5 on journal’s website).

The highest activity was obtained at 37, 35, and 33 °C for
ChiA, ChiB, and ChiC, respectively (Figure 4A). All 3
chitinases retained 60% activity at pH between 7 and 11,
although the highest activity was observed at pH values
of 8, 9, and 8.5 for ChiA, ChiB, and ChiC, respectively
(Figure 4B).

3.3. Protein purification and enzyme activity assay
Chitinase proteins were overproduced in E. coli BL21
(DE3) cells by the T7 expression system. ChiB and ChiC
proteins were purified from the cell pellets since they do
not contain recognizable signals for secretion. However,
since ChiA contained a signal sequence for secretion,
it was purified from supernatant (Sirichotpakorn et al.,
2001). Expressed proteins were purified using their Histaqs and they were confirmed by SDS PAGE (Monreal
and Reese, 1969) (Figure 2). Chitinase activities of these
purified proteins, tested by DNS method, were determined
as colorimetric in a spectrometer (Figure 3).
3.4 Effects of pH and temperature on chitinase activities
The effects of pH and temperature on these enzymes
were determined by incubating the reaction mixtures
containing colloidal chitin as a substrate at a pH range of
4.5–12 and a temperature range of 15–65 °C for 30 min.

3.5. Insect bioassay
The insecticidal activity of chitinase proteins was evaluated
against the larvae of M. neustria and H. armigera. Test
results showed that ChiA, B, and C proteins have 47%,
50%, and 66% insecticidal activities on M. neustria and
80%, 45%, and 50% insecticidal activities on H. armigera
larvae, respectively (Figure 5).

A

C

B

50 kDa

70 kDa
50 kDa

4. Discussion
S. marcescens is a well-known insect pathogen that can
produce several hydrolytic enzymes, some of which have
been shown to be toxins. This bacterium is a member of
the family Enterobacteriaceae, which usually produces
a characteristic red or pink pigment, although white to
rose-red strains can occur. S. marcescens is not usually
pathogenic to insects when present in the digestive tract
in small numbers, but once it enters the hemocoel, it

55 kDa

50 kDa

57 kDa

Figure 2. SDS-PAGE analysis of ChiA, ChiB, and ChiC proteins.
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Figure 5. Mortalities of the M. neustria and H. armigera larvae 10
days after application of chitinase proteins.

multiplies rapidly and causes death in 1–3 days (Sikorowski
et al., 2001). Studies have shown the pathogenic properties
of this bacterium against many insect pest species (Lauzon
et al., 2003; Gokce et al., 2010).
In the current study we isolated a S. marcescens
bacterium from a dead H. armigera larva. We cloned and
expressed chiA, chiB, and chiC genes from this isolate.
These chitinase products were characterized and their
toxicities were tested against the larvae of H. armigera and
M. neustria.
The bacterium isolated from the H. armigera larva was
named Ha-Pink and identified as S. marcescens according
to the results of the 16S rRNA gene sequence. The

chitinase-producing capacity of this bacterium was tested
on chitin-containing M9 minimal agar plates. It produced
quite a large chitinolytic zone with a diameter of 12.4 mm.
Chitinolytic zones of insect originated bacteria had been
studied earlier by Bahar et al. (2012). They studied 23
bacteria and found that just 2 of them produced chitinolytic
zones around 12 mm, while the others produced smaller
zones, between 2 and 10 mm.
One of the first biotechnological applications of
chitinases concerned their use in the biocontrol of plant
pathogens. The cultures of S. marcescens, its chitinases,
and its chitinase genes have shown potential as biocontrol
agents in various experimental set-ups (Brurberg et al.,
2001).
To date, S. marcescens chitinase genes have been
cloned and expressed in different types of bacteria such as
Lactobacillus lactis (Brurberg et al., 1994), Sinorhizobium
fredii (Krishnan et al., 1999), E. coli and B. thuringiensis
(Sitrit et al., 1995; Lonhienne et al., 2001; Okay et al.,
2008), nitrogen-fixing bacteria Enterobacter cloacae, and
Klebsiella oxytoca (Ye and Liang, 2001).
We amplified chiA, chiB, and chiC ORFs from our
isolate, encoding polypeptides of 563, 499, and 480 amino
acid residues, respectively. All chitinases showed 99%
similarity to the S. marcescens isolate WW4 at amino acid
level. The genome of the WW4 isolate had been completely
sequenced (Chung et al., 2013). The location of the catalytic
domains was established in the 3 chitinases by sequence
analysis. These chitinase genes were successfully expressed
in E. coli under an IPTG controlled promoter. ChiA, which
includes the first 23 amino acids as signal sequence, was
found in the supernatant. The size of the ChiA on the
gel was detected between 70 and 50 kDa marker bands,
as expected. ChiB and ChiC activities were mainly
recovered in the cytoplasmic fraction as expected, from
the absence of a typical signal sequence at its N-terminus
of the deduced polypeptides from the chiB and chiC genes.
The sizes of the ChiB and ChiC on the gel were detected
lower than the 55 kDa marker band, as expected for these
proteins. The expressed proteins were purified and their
activity was studied using the DNS method. ChiA activity
was higher than ChiB activity and much higher than
ChiC activity. Our results are in agreement with those
obtained by Suzuki et al. (2006), who reported that ChiC
hydrolyzes colloidal chitin slower than ChiB does, and
ChiB hydrolyzes it slower than ChiA does.
The effects of pH and temperature on these enzymes
were determined by incubating the reaction mixtures
containing the enzyme and colloidal chitin as a substrate
at a pH range of 4.5–12 and a temperature range of 15–65
°C for 30 min (Andersen, 2002). All chitinases showed
significant activity in a broad temperature range from 30 to
45 °C. However, the highest activities were obtained at 37,
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35, and 33 °C for ChiA, ChiB, and ChiC, respectively. In
the literature, the chitinase enzymes from different strains
of S. marcescens were reported to have different optimum
temperatures: 45 °C for ChiA (Gal et al., 1998; Okay et al.,
2008); 47 °C (Nawani and Kapadnis, 2001) and between
50 °C and 60 °C for ChiB (Brurberg et al., 1996); 60 °C
(Suzuki et al., 2002), between 50 °C and 60 °C (Brurberg et
al., 1996), and between 65 °C and 70 °C for ChiC (Suzuki
et al., 2002). El-Sayed et al. (2000) identified 2 chitinase
enzymes, A and B, purified from a culture supernatant
of Streptomyces albovinaceus S-22, that showed potential
antifungal activity by cell wall lysis. The 2 enzymes had a
molecular weight of 43 (A) and 45 kDa (B) by SDS-PAGE
and were active at an optimum temperature of 40 °C.
Furthermore, Bendt et al. (2001) isolated chitinase from
a marine psychrotolerant bacterium Vibrio sp. strain Fi:7,
found in the Antarctic Ocean, and the strain showed high
chitinolytic activity even at 5 °C. Although it had optimum
activity at 35 °C, it still showed 40% of optimum activity at
5 °C. All of these chitinases retained 60% activity at alkali
pH values between 7 and 11, although the highest activity
was observed at pHs 8, 9, and 8.5 for ChiA, ChiB, and ChiC,
respectively. The optimum pH values for the chitinases of
S. marcescens were reported at 5.5 (Gal et al., 1998), 6.2
(Nawani and Kapadnis, 2001), 5–6 (Brurberg et al., 1996),
5–7.5 (Lan et al., 2006), and 4–10 (Suzuki et al., 2002) for
ChiA; 4–10 (Suzuki et al., 2002; Bahar et al., 2012) and 5–6
(Brurberg et al., 1996) for ChiB; and 3–9 (Synstad et al.,
2008) and 4–10 (Suzuki et al., 2002) for ChiC. Researchers
also reported bimodal pH distributions at around pH 4.0
and 8.0–9.0 (Okay et al., 2008). In another study, Okay et al.
(2013) showed that the optimum pH for chitinase enzyme
activity is 7.0 (36.6 U/mL) and the optimum temperature
for the same enzyme is 50 °C (37.1 U/mL).
In the current study, the alkali optimum pHs of
chitinases seem to be beneficial for our further goals
of developing biopesticides using chitinases and B.
thuringiensis crystal (Cry) proteins or baculovirus
polyhedral inclusion bodies (PIBs), which need alkali pH
for being activated or dissolved, respectively (Krishnan et
al., 2007).
Insecticidal activities of these chitinase proteins were
tested on the larvae of H. armigera and M. neustria.
Results showed that while ChiC was more effective on
M. neustria, ChiA was more effective on H. armigera.
Insecticidal activities of chitinase proteins on H. armigera
were higher than on M. neustria. This was expected,
because S. marcescens was isolated from naturally dead
H. armigera and chitinases were determined on S.
marcescens. Microbial chitinases have been used in mixing
experiments to increase the potency of entomopathogenic
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microorganisms. Synergistic effects among chitinolytic
enzymes and microbial insecticides have been known to
occur since the early 1970s (Lysenko, 1976; Morris, 1976).
Larvae of the spruce bud worm, Choristoneura fumiferana,
died more rapidly when exposed to chitinase-Bt mixtures
than when exposed to the enzyme or bacterium alone
(Smirnoff et al., 1974). The mortality of gypsy moth
(Lymantria dispar) larvae was enhanced when chitinase
was mixed with Bt as compared with treatment with Bt
alone (Dubois, 1977; Daoust, 1978). The toxic effect was
correlated positively with enzyme levels. Crude chitinase
preparation from B. circulans enhanced the toxicity of Bt
kurstaki toward diamond back moth larvae (Kramer and
Muthukrishnan, 1997). A major concern in developing
commercial biopesticides is the speed of kill as compared
with chemical insecticides. B. thuringiensis takes 3–4
days and NPV (nucleopolyhedrosis viruses) 5–7 days for
effective control of insect pests (Demir et al., 2013). The
studies conducted for testing the efficacy of chitinase as a
biocontrol agent against the insect pest H. armigera have
shown that the enzyme is capable of negatively affecting
the growth and metamorphosis of the larvae (Binod et al.,
2007).
Bacterial chitinases have also been shown to be potential
insecticides when coupled with other suitable proteins
such as Cry (Kramer and Koga, 1986; Regev et al., 1996;
Barboza-Corona et al., 1999; Barboza-Corona et al., 2003).
Recently, a number of heterologous chi genes have been
engineered from wide bacterial sources into B. thuringiensis
with the main interest to increase the insecticidal activity
of entomopathogenic bacteria (Bhattacharya et al., 2007).
In this regard, Ozgen et al. (2013) introduced chiB and chiC
genes from S. marcescens into different B. thuringiensis
strains and obtained increased insecticidal activity with
the engineered B. thuringiensis bacteria. Similar studies
were done by different researchers and they all found
improved insecticidal activity with the engineered strains
(Sirichotpakorn et al., 2001; Lertcanawanichakul et al.,
2004; Ding et al., 2008; Driss et al., 2011).
In conclusion, we were able to clone, sequence, and
characterize 3 types of chitinases from a S. marcescens
strain isolated from a dead H. armigera larva. Their
optimum working values were determined and their
insecticidal activities were studied. The results showed
that these chitinases have potential to be used as biological
control agents.
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Appendix: Supplementary data

Supplementary Figure 1. Alignment of the S. marcescens WW4 16S rRNA and S. marcescens Ha-pink 16S
rRNA nucleotide sequences.
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Supplementary Figure 1. (Continued).
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Supplementary Figure 2. Alignment of the S. marcescens WW4 ChiA and S. marcescens Ha-Pink ChiA amino acid sequences.
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Supplementary Figure 3. Alignment of the S. marcescens WW4 ChiB and S. marcescens Ha-Pink ChiB amino acid sequences.
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Supplementary Figure 4. Alignment of the S. marcescens WW4 ChiC and S. marcescens Ha-Pink ChiC amino acid sequences.
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Supplementary Figure 5. Conserved domain structures of ChiA (A), B (B), and C (C) proteins.
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